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I. INTRODUCTION 

Any electrically charged gauge boson outside of the Standard Model (SM) is generi- 
cally denoted W . It is a hypothetical massive particle of electric charge ±1 and spin 1 
which always couples to two different flavors of quarks and (or) leptons, similar to the 
W boson (We do not discuss the situation that W as a leptoquark gauge boson couples 
quarks to leptons). W can be seen as minimal charged gauge boson extension for SM and 
is predicted in various new physics models , such as Left-Right symmetric models[l|, Q], 
Alternate Left-Right model 3|, Ununified standard model ^, Non-Commuting Extended 



Technicolor 



a. 



si, models of composite gauge bosons|9|, Super 



Little Higgs models 

symmetric top-flavor models[l^, Grand Unification [llj and Superstring theories |12 




Extra-dimensions ll6|. Theoretically, unitarity considerations imply that charged mas- 
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sive vector W's a re g auge bosons associated with some spontaneously broken non-abelian 
gauge symmetry 17|]. This is true even when it is a composite particle like the charged 
techni-p in technicolor theories 1^ or a Kaluza-Klein mode in theories where the W bo- 
son propagates in extra dimensions The minimal rank one non-abelian gauge group is 
SU{2). Besides W'"^, the group SU{2) demands the existence of extra neutral gauge bo- 
son Z'. W'^ and Z' together form a consistent minimal non-abelian SU{2) gauge group. 
This gauge group must be completely spontaneously broken to give W'^, Z' masses through 
Higgs mechanism. The breaking mechanism is not known yet which depends on detail of 
the model. We can exploit nonlinear realization of the symmetry to avoid touching upon 
the details of the breaking mechanism. This is the SU{2) chiral Lagrangian for W'^, Z' and 
three corresponding Goldstone bosons. 

Now the new generation hadron collider LHC is going to run and people are eager expect- 
ing the discovery of the new particles. Once the first new particle shows its signature in the 
collider experiment and its spin and parity are evaluated out, the following work is to check 
whether it belongs to any of exiting models. In general, for each kind of possible new parti- 
cle, there are many candidate models predicting it and waiting for experiment to check. It is 
also possible that the real model our nature chosen is not presented in this candidate's list. 
To examine which kind of model this new particle belongs to and its interactions with those 
already discovered particles, we need a phenomenological theory which must be such general 
as to include various underlying discovered and undiscovered candidate models and cover 
all of its possible phenomenologies. We call this phenomenological theory the electroweak 
chiral Lagrangian (EWCL) for the new particle which include this new particle and all those 
already discovered particles. The symmetry realization of this EWCL should at least include 
SU {2)l (g) U{1)y plus some new part from the new particle. On the platform of this EWCL, 
on the one hand, we can perform model independent phenomenological investigation of the 
new particle and fix the corresponding parameters in EWCL from experiments, on the other 
hand, we can compute the parameters of EWCL from concrete underlying models. Through 
comparison between parameters from experiments and that from underlying model, we hope 
the correct underlying model can be figured out. 

In this paper, we are interested in a situation that except discovered particles in SM, 
the lowest new particles which are expected to show up in upcoming collider experiments 
are W'^ and Z'. According to discussions above, to describe the corresponding physics 
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phenomenologically, we are lead to set up a EWCL for W'^ , Z' and the symmetry realization 
of the theory will be generalized from original SU{2)l ® U{\)y to SU {2)i ® SU {2)2 ® 
f/(l) for which one SU(2) is for W'^ and Z' and remaining ones are for SM electro-weak 
gauge bosons W^,Z,A. Naive extension of conventional unitarity analysis shows that this 
Lagrangian will violate unitarity in TeV energy region 20|, and adding in theory a neutral 
Higgs with mass below TeV will kill the disaster. To keep our theory being unitary at TeV 
energy region, we will further include in our theory a neutral Higgs. Thus our EWCL for 
W'^,Z' now will include those already discovered particles, a neutral Higgs, W'^,Z' and 
corresponding Goldstone bosons. In fact, without W'^,Z' and corresponding Goldstone 
bosons, the EWCL only for a neutral Higgs boson was already written down in Ref. 21 1 



which was a generalization of original standard EWCL|22|. |23| . I24j by adding a singlet Higgs 
field to the theory. Now our EWCL can be seen as a further extension of this generalized 
EWCL to include in theory W'^,Z' and corresponding Goldstone bosons. In this work, 
we are especially interested in the case that the mass of W'^ is lighter or roughly same as 
that of Z'. Since if the mass of Z' is much lighter than that of W'^, the phenomenological 
interest will be changed to physics for lighter Z'. The heavier W'^ then can be integrated out 
theoretically and we are led to EWCL purely for Z' and neutral Higgs boson. This EWCL 
was already discussed by us in another paper 25| in which Z' can be either an element 
of SU{2) triplet or a remnant of some other underlying dynamics which has nothing to 
do with W' and can not be covered in our present theory. It is shown in Ref. 25|] that 
EWCL for Z' is equivalent to an extended Stueckelberg mechanism for U{1) gauge boson. 
From the point of view of Stueckelberg mechanism, our present EWCL for W' and Z' 
can be further seen as SU(2) non-abelian generalization of previous extended U{1) abelian 
Stueckelberg mechanism. Due to the passive roles of neutral Higgs and Z', in this work 
we focus our attentions mainly on W and related physics. For physics related to W, the 
strongest low energy phenomenological constraints come from W — W mixing, — Ks 
mass differences and related CP violation parameters. On the platform of our EWCL, we 
can explore these constraints in detail, transferring them to the constraints on parameters 
of our EWCL and CKM matrix elements for right hand fermions. We will find that some 
of these constraints such as mixings among different particles are universal, while others 
are model class dependent. It should be emphasized that our EWCL will only cover those 
underlying models which include massive W'"^, Z' and neutral Higgs as lowest new particles 
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beyond those already discovered particles. For those models which include new particle with 
mass lighter than W or new particle combining with discovered particle together forms an 
irreducible representation of SU{2) group j^, our EWCL do not cover the corresponding 
physics. We argue for this alternative situation, a separate EWCL can be built to describe 
it and this situation will be investigated elsewhere. 

Within the range of our EWCL, a special type of models are left-right symmetric models 
which explore the possibility of spontaneous parity violation. The EWCL for this kind 



models is built up by some of us in Ref. 



261 ] for the bosonic part and Ref. 27| for the matter 



part. Since we are interested in the general description for W and Z' physics, it is purpose 



of this paper to generalize the discussion in Ref.[26|, |27| to cover left-right non-symmetric 
models. For bosonic part of EWCL, no matter which kind of model involving W and Z', 
since gauge bosons and corresponding Goldstone bosons are all in triplet of SU {2)2 group. 



their interactions then are fixed as those given in Ref. 26|]. While for matter part, various 



models provide at least following different arrangements for fermion representations 281 ]: 

1. Left-right symmetric (LR)[l, 2]: Left hand fermions belong to doublet of SU {2)i and 
singlet of SU{2)2; Right hand fermions belong to doublet of SU(2)2 and singlet of 
SU{2),. 

2. Leptophobic (LP): Left hand fermions belong to doublet of SU{2)i and singlet of 
SU{2)2; Right hand quarks belong to doublet of SU{2)2 and singlet of SU{2)i; Right 
hand leptons belong to singlets of both SU{2)^s. 

3. Hadrophobic (HP): Left hand fermions belong to doublet of SU{2)i and singlet of 
SU{2)2; Right hand leptons belong to doublet of SU{2)2 and singlet of SU{2)i; Right 
hand quarks belong to singlets of both S'f/(2)'s. 



28|, 



29 



30|: Left hand fermions belong to doublet of SU{2)i and 



4. Fermionphobic (FP) 
singlet of SU{2)2; Right hand fermions belong to singlets of both S'f/(2)'s. 

5. Ununified (UN)j4]: Left hand leptons belong to doublet of SU{2)i and singlet of 
SU{2)2; Left hand quarks belong to doublet of SU{2)2 and singlet of SU{2)i] Right 
hand fermions belong to singlet of SU{2)i ® SU{2)2- 



6. Non-universal (NU) 3l|: One or two special family left hand fermions (typical situation 
is the first two light families) belong to doublet of SU{2)i and singlet of SU{2)2] 



Remaining left hand fermions belong to doublet of SU{2)2 and singlet of S'f/(2)i; 
Right hand fermions belong to singlet of SU{2)i ® SU{2)2. 



The matter part EWCL given in Ref. [27| only involves situation 1 in which although the 
arrangement of fermion representations is left-right symmetric, the couplings may or may not 
be left-right symmetric. Considering the fact that conventional EWCL formalism only deals 
with the system with particles fixed in some special group representations, the generalization 
of the expression to cover different fermion representation arrangements is not a trivial work. 

This paper is organized as follows: Sec. II is the introduction of a our EWCL which covers 
all above situations. For the bosonic part we accurate up to order of p^. For matter part, 
we limit us in dimension three Yukawa type and dimension four gauge interaction terms. In 
Sec. Ill, we discuss mixings among W — W and A — Z — Z' and introduce CKM matrix to 
diagonalize fermion mass matrix. Goldstone boson, Higgs boson and gauge boson couplings 
to quarks are given in Sec. IV. We build up effective Hamiltonian for ming of neutral K 



and B systems in Sec.V. In Sec. VI, we discuss the constraints on our EWCL for LR and 
LP models from mass differences in — , — B^, B^ — B^ systems and indirect CP 
violation parameter ex- Sec. VI is the summary. 



II. EWCL IN GAUGE EIGENSTATES 

We first introduce the bosonic part of EWCL which basically is the same as that for left- 



right symmetric models given in Ref. 26|. Let B^, W^f^, W2fj_ be electroweak gauge fields (a 
1,2,3) and two by two unitary unimodular matrices Ui and U2 be corresponding goldstone 
boson fields, h be neutral Higgs field which is singlet of SU{2)i ® SU{2)2 ® U{1) group. 
Consider covariant derivatives for goldstone fields -D^t/j = dfj_Ui + igi-Y^i,iJ^^ ~ wUi^B^ 
and building blocks Xf = UliD^'Ui), Wi^^^ = Uj giWi^^^Mi for i = 1,2. The lowest order of 
chiral Lagrangian is the Higgs potential Co = —V{h) and order of Lagrangian is 

C2 = lid.h)' - \fMXi,,xn - \fMX2,,X^) + ^K/i/2tr(XrX2^) (1) 

+ ^A,iA2[tr(r^Xi,,)]2 + ^P2,imtriT'X2,,)r + ^^^f2MT'X^,,)]Mr'X^)] . 
p'^ order Lagrangian can be divided into six parts, 

Ci = CK + Ci + Chi + C2 + Ch2 + Cc (2) 
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with kinetic part of order Lagrangian Ck 

= -\wi^^wr - {wi.^wr" - \b,.b^'' (3) 

£j, 2 = 1,2 are terms of p^ order Lagrangian which involve the gauge bosons of first (second) 
interaction group SU [2] i{SU {2)2) without differential of higgs 

d = ^a,,i(75^,tr(rWr) + la.^^gB^Mr'X'^X^) + 2za,,3tr(W,,^,Xf Xf) + a,^^[ti{X,^,X,^,)f 
+a,,5[tr(X2^)]2 + a,,6tr(X,,^X,,,)tr(r3Xf )tr(r3xn + a,MK>^)M'^^X,,^)f 
+^«i,8[tr(rW,,^,)]2 + za,,9tr(r3TF,,^,)tr(r=^XfXr) + ia,,io[tr(r3X,,^)tr(r3X,,,)]2 
+«,,ne'^"''^tr(r3X,,^)tr(X,,,W,,pA) + 2a,,i2tr(r=^X,,^)tr(Xi,,Wr) 

+ \a^^z9e^'""'B,,^I{T''Wi^p:} + ^«.,i4e^'^''"tr(r3Tyi.^,)tr(rW,,p^) . (4) 

i = 1,2 are first (second) interaction group part of p^ order Lagrangian with differential 
of higgs 

Cm = {d^h){amMr''XtMXl) + amMr''Xi;)tT{XtX,,,) + a^^^^^ 

+a^,,,4tr(r3Xf )[tr(r3X,,,)]2 + lamM-^'X^^^MrW^") + z(7affi,65'^'^tr(r3X,,,) 
+tamMr'W^'^X,^,) + zaffi,8tr(WrX,,.)} + (9^/i)(9,/i) [aH^,9tr(r3xf )tr(r3xr) 
+«H.,iotr(XfXr)] + (9^/i)2{«H.,ii[tr(r=^X,,,)]2 + «H^,i2tr(Xjj} 
+am,i3{d^h)\d,h)tT{T'Xi') + aH^,i4(a^/i)' (5) 

The most complex interaction is the crossing part of p"^ order Lagrangian 

Cc = t&29BpMr''X^X^) + 2t&sMWi,^uX^X^) + 2m3,2tr(W2,^.XfX[) 

+22a3,3tr(Wi,^,Xf X^^) + 22a3,4tr(TF2,^.X2^Xr) + a4,itr(Xi,^Xi,,)tr(X2^X2^) 
+a4,2[tr(Xi,^X2,.)]' + a4,3tr(Xi,,,X2,.)tr(X2^Xn + «4,4tr(Xi,^X2,.)tr(X2^X2^) 
+a4,5tr(X2,^Xi,,)tr(XfX[) + a^MXl^^MXl,) + a5,2[tr(Xi,^X20]2 
+«5,3tr(Xi,^X2^)tr(X2%) + «5,4tr(X2,^Xf )tr(X2 J 

+a6,itr(Xi,^Xi,,)tr(r3X2^)tr(r3X2^)+«6,2tr(X2,^X2,.)tr(r3Xf)tr(r3X[) 
+a6,3tr(Xi,^X2,.)tr(r3Xf)tr(r%^)+a6,4tr(Xi,^X2,.)tr(r^X2^)tr(r%^) 
+«6,5tr(Xi,^X2,.)tr(r3X2^)tr(r%^)+«6,6tr(X2,^Xi,,)tr(r^Xf)tr(r3xn 
+a6,rtr(Xi,^Xi,,)tr(r3Xf)tr(r%^)+a6,8tr(X2,^X2,,)tr(r3X20tr(r3xn 
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+a7,5tr(X2,^Xf)[tr(r3Xi,,)]2 + a7,6tr(Xj^)tr(r3Xi,,)tr(r3X2^) 
+a7,7tr(X2%)tr(r3X2,,)tr(r3xn + ia8tr(r3TFi,^,)tr(r3Wr) 
+za9,itr(r3Wi,^,)tr(r3X2^X2^) + za9,2tr(rW2,;..)tr(r3X^X^) 
+2a9,3tr(rWi,^,)tr(r=^Xf + za9,4tr(rW2,;..)tr(r='X2^Xr) 
+ ^«io,i[tr(r=^Xi,^)tr(r=^X2,.)]' + ^[aio,2[tr(r=^Xi,^)tr(r3X2^)]2 

+ ^aio,3tr(r3Xi,^)tr(r3X20[tr(r=^X2,,)]2 + iaio,4tr(r='X2,^)tr(r3Xf)[tr(r^^^ 
+anae^'''^tr(r3Xi,^)tr(X2,,TF2,pA) + aii,2e''"''\r(r3X2,^)tr(Xi,,lyi,,A) 
+an,3e'^"'''tr(r3Xi,^)tr(Xi,,TF2,pA) + «ii,4e''"'''tr(r3X2,^)tr(X2,,TFi,,A 
+an,5e'^'^^\r(r=^Xi,^)tr(X2,.TFi,pA) + aii,6e^''^\r(r3X2,^)tr(Xi,,lF2,pA) 
+2«i2,itr(r3Xi,^)tr(X2,,Wr) + 2ai2,2tr(r3X2,^)tr(Xi,,TFr) 
+2ai2,3tr(r3Xi,^)tr(Xi,,Wr) + 2ai2,4tr(r3X2,^)tr(X2,,TFr) 
+2di2,5tr(r='Xi,^)tr(X2,.Wr) + 2ai2,6tr(r3X2,^)tr(Xi,,TFr) 
+ l«^4eM-p-tr(rWi,,,,)tr(rW2,p.) + ai5e'^"'"^tr(Wi,^,W2,p.) 

o 

+ (5^/i){«H,i,itr(r=^X20tr(Xj J + «H,i,2tr(r3Xf )tr(X2%) 

+«H,2,itr(r=^X2^)tr(XfXz.,.) + a^f,2,2tr(r3xr)tr(X2^X2,.) + a^^,3,itr(r=^X2^)tr(r=^XfXi,,) 
+aH,3,2tr(r3xntr(r3X2^X2,,) + aj,,4,itr(r3X2^)[tr(r3Xi,,)]2 
+«H,4,2tr(r=^X2^)tr(r=^X2")tr(r3Xi,,) + aH,4,3tr(r=^Xf)tr(r=^X2")tr(r3X2,.) 
+aH,4,4tr(r=^Xf )tr(r=^Xntr(r3X2,.) + zaH,5,itr(r3X2,.)tr(r3Wr) 
+^«H,5,2tr(r=^Xi,,)tr(r=^Wr)} + (9^/i)(9,/i)«j^,9tr(r=^X2^)tr(r=^Xn 

+ (9^/i)'«H,iitr(r=^Xi,,)tr(r=^X2^)] . (6) 

Above interaction terms already include all possible order CP-conserving and CP-violating 
operators and all a coefficients are functions of higgs field h. 

Now we come to matter part of EWCL. Except gauge and goldstone fields introduced 
in bosonic part EWCL, matter part EWCL further involves fermions which include SM 
quarks and leptons (three generation right hand neutrinos are introduced in our theory, no 
other sterile neutrinos are included in). We denote them by left and right hand quark and 
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lepton doublets qaL,R and laL,R with generation index a being summed over the quark and 
lepton flavors. The various models defined by the transformation properties of their fermion 
contents with respect to the gauge group are summarized in Table I. 

TABLE I. Fermion transformation properties for different models considered in the text. The 
numbers in brackets refer to SU{2)i, SU{2)2 and U{1), respectively. Color indices are implicit. 
The right hand neutrinos are not present in some of original models LP, FP, UN and NU labeled 
by — . Including them in this work is harmless to these models and their representation is (1, 1,0). 



Fields/Models 



LR 



LP 



HP 



FP 



UN 



NU 



/ 



qaL= 



QaR= 



'■aL= 



(2,1,1) 


(2,1, 1) 


(2,1 




(2,1 


l) 


(1,2, i) 


(2, 1, g)'5aQrl~(l, 2, g)(5Q,Q2 


(1,2, i) 


(l,2,i) 


(1,1, 


1) 


(1,1, 


1) 


(1,1,1) 


(1,1,1) 




(1,1,- 


4) 


(1,1,- 


-\) 


(1,1,-i) 


(1,1,-1) 


(2,1,-i) 


(2,1,-i) 


(2,1,- 




(2,1,- 


4) 


(2,1,-^) 


(2, 1, 2 )'^ctf*r^ (1' 2, 2 )^'^<^2 



(1,2,-i) (1,2,-i) 

(1,1,-1) (1,1,-1) (1,1,-1) 



:i,i,-i) 



Since above fermions can belong to different representations for different underlying mod- 
els, an universal expression to cover all these possible arrangements is needed. To reach this 
aim, we introduce two goldstone operators Ul and JJr by defining their arbitrary function 
f{UR, Ul, DfiUn, Dylli) action on fermion field as 



f{U2,Ui,D^U2,D^Ui)qc. LR 

f{U2,U^,D^U2,D,U^)q^ LP 

/(l,f/i,0,D^t/i)g„ HP 

/(l,f/i,0,Z}^f/i)g„ FP 

/(l,f/2,0,D^t/2)g, UN 

/(I, f/i, 0, D^U{)qJ^^, + /(I, f/2, 0, D^U2)qJaa, NU 



f{UR,UL,D^UR,D,UL)qo 



(7) 
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f{UR,UL,D^UR,D,UL%= { 



f{U2,Ui,D^U2,D^Ui% LR 

fil,UuO,D^U^)L LP 

f{U2,Ui,D^U2,D^U,)L HP 

f{l,Ui,0,D^Ui% FP 

fil,UuO,D^U^)L UN 

^ /(I, [/i, 0, D^Ui)Uaa, + /(I, f/2, 0, D^U2)lJaa, NU 

where in the case of " Non-universahty generation", ai denote the specified generation (typi- 
cally first two generations) which acts as doublet of SU (2)i and singlet of SU (2)2; 02 denote 
the remaining generation which acts as doublet of SU{2)2 and singlet of SU{2)i. 

With help of above representations, we now can write down the universal dimension three 
Yukawa type interactions. For lepton part, 

/:Y,iepton= tLpLiy'^' + yfr'WUlU + \[hfWLUl{^ + r^)Ullk + {L^ R)] + h.c. (8) 

where h^j^ are hermitian functions of Higgs field h. = Cl^ is charge conjugate field of 
/ with C being the charge conjugation matrix. Symbol indicates that they are gauge 
eigenstates. For quark part. 



where r" = ^-y^ and t*^ = ^-y~- Coefficients y'^^^y'^^ are functions of Higgs field. 
The next is dimension four gauge interaction part Lagrangian 



(9) 



'^/-4 = liM.L + hxo.liLUL{U)UL)^qL + h,2,.qiRURUl{lPUL)UWaR 



+h,,,a(liRUR[r'Ul{U)UL) - {IPUL)^ULAulqi^ + 6L,,,atR.URr'Ul{IpULyulq! 



iR 



+hjAqLULr'UllpqiL - {qi^Ip'PLr'Ulq, 



3r7t^/ 1 

aLi 



l\6 ^ 6^ + L ^ R 



(10) 



in which 



Df,qa 



{d,+ ig,i^W^^^PL + ig2^iWl^PR+lgB^)q^ 
{d,+ tg.i^Wl^PL+tg^^B.PR +lgB^)q^ 
{d,+ zg2iWl^PL+ig^B^PR +lgB^)q^ 

{d,+ t6aa,giiW,-,,PL+ ^^aa,g2^iWl^PL + ig^-iB,PR +-,gB,)q. 



la 



LR, LP 
HP, FP 
UN 
NU 



10 



{d^+ ^gi^iWl^PL+ig2^iWl^PR -^gB,% LR, HP 

id^+ tgiiWl^PL+t9^B^Pn-^9B^% LP, FP, UN 

[ {^^+^6aa,gliWl^PL+^6^^,g,^Wl^PL+^9^B^Pn-^gB^)L NU 

and Pr = (1 ±75)/2. {IpIJiy = YiDjJi^ for i = L,R. In coefficients 6 and 5^ 

in general depend on generation indices which was not considered in original LR case in 
Ref.|27|. 



III. EWCL IN MASS EIGENSTATES 



EWCL presented in last section is on the basis of gauge eigenstates. In this section, we 
diagonalize them to the basis of mass eigenstates. We will find that this diagonalization is 
universal for either boson sector or fermion sectors. 



We first discuss boson sector. This part is the same as that in LR case 26|], so we just 

1 



list down the result. With convention W^^ = —/={Wl^^ =F^W^, 

V 

our bosonic part EWCL is 



1,2, the mass terms in 



M 



1 

4' 



ifiglw.'-^.wr'' + \flglwt,w^^' - ^^fif2gMw+^wp'' + w+^wp'^ 



+ i(l - 2f3,^,)mg,Wl - gB,f + 1(1 - 2(3,^,) fl{g,Wl^ - gB,f 
~{k + 2~P,)hh{g,Wl^ - gB^){g2W'^'^ - gB^). 

The charged and neutral gauge bosons are diagonalized through rotations 



Wi 



± 



cos C — sin C 
sin C cos C 




with mixing parameters given by 

2K/i/2fi'l5'2 



tan2C 



figl - fhl 



B„ 



( X\ X2 Xs ^ 

yi y2 ys 

V ^1 V2 V3 J 



Xi X2 Xs 

yi y2 ys 

V V2 V3 J 



VAV 



(12) 



(13) 



(14) 
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and 



-ai,igig 



V -«i,ifi'ifi' -"2,ifl'25' 1 



V 



I 



A+ 
A_ 
1 



X 



± 



|«i,8^i- itt2,8^i ± [aligh^+aligh^ 



\^lg\gl^ i(«i,8^?-«2,8^i)T^^ • 



KV^MlVk = V 



V 







M|, 




A 







o\ 



A- 

IJ 



1 



/ 



-\{n + 2(3i)hf2gig2 
y^(2/?i,i-l)/i+(.j+2/3i)/2 

The results of gauge boson masses become 



figia 

4 



i(l-2/32,i)/|^7i 
(2/32,1-1 )/2+(k+2/3i)/i 



V 

(2/3i,i-l)/i+(/s:+2/3i)/2 
(2/32,1 -l)/2+(/s:+2/3i)/i 



/igig \ 



12929 
4 



12 929 

4 



i^^2 + i^^l _ (^+2/3i)/i/2 



+ /2^?2 - ^UM - fhlY + ^^'flfhlgl] 



lUhl + /2^2 + ^Uhl - fhl? + 4KViVI^7?^?i] 

/f[(l-/3i,i)(l-/32,i)-(«: + /3i)2] 



2„2 



X [^2^ 



2 2 
^1^2 



2 2 
^1^ 



Mi 



2{l-P2,i){gl + g') 

-2ai,i(fi'2 + g^)gigW + 25'25''^a2,i + ai,85'i(5'2 + g'^f + «2,85'25'^ 
-[(1 - P2,i)fM + ^7^) - 2/i/2/(«: + A) + (1 - /?i,i)A^(<7? + g')] 



(15) 



«8(^2 +^ )^1^2^ ] 



~ai,ig'gi[m - - IMk + A)] - a2,i^?'^72'[/2 (1 - /52,i) - /i/2(k + A)] 



\a2,sgtfl{l - /52,i) - \a,glglhf2{n + A) - M| 



For the gauge boson part, the most stringent constraint comes from W — W mixing which 
is characterized by the mixing angle C,. Fortunately ( |T4l) tells us that this angle depends 
on two independent parameters x = and k. While (1151) indicates that the ratio of W 
and W mass depends also on these two parameters, we just have two parameters x and 
K to describe two physical quantities ( and Mw/Mw' at this stage of effective Lagrangian. 
We can tune this two parameters making the mixing angle ( be small enough to match 
experiment data and at the same time keeping the W mass be in arbitrary values. This 
result implies the importance of parameter k. Since (1141) tells that to make mixing angle 
small, one can either take very small k or small x. While from (fT5|) . small x will cause very 
big mass difference between W and W. In order to avoid this big mass difference between 
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W and W, the only way is to have small k. In any of candidate models, only those with 
very small k, value are phenomenologically allowed. 

Next, we discuss fermion sector which includes lepton and quark parts. For lepton part, 
in unitary gauge, dH]) become 



■^Y, lepton 



Mv 



Unitary gauge 

a/3 _ 



a/3 



ta/3 



yt') 



(16) 
(17) 
(18) 



For electron part, rotating the gauge eigenstates into the mass eigenstates with unitary 
matrices V'^ by e^_^ = Vlj^e^ji, we can reduce ( IT7|) to 



(19) 



with diagonal mass matrix M*^ = V^^y — y3)V^^ . For neutrino part, with help of relation 
ufu^ = T^i^i, we find coefficient matrices h^^ and can be chosen to be symmetric, then 
neutrino part of Lagrangian can be written as 

( vl- \ 



2/iL y^vz 



Ic 



+ h.c. 



(20) 



V ^R 



where I'l^ 



K 



is left-handed neutrino gauge eigenstates and 



R 



is right-handed neutrino gauge eigenstates. The overall 6x6 neutrino mass matrix 

' 2hL y + Vs , 

I is symmetric and can be diagonalized by a unitary transformation, 

[{y + ysV 2hR 



2/iL y + y-i 




^ ^ 



V 



M 



N 



(21) 



where M^, = diagjmi, m2, ms} and Mjv = diag{Mi, M2, M3} with and Mi (for i = 1,2, 3) 
the light and heavy neutrino masses, respectively. V is the 3x3 Maki-Nakag awa- S akat a 
(MNS) neutrino mixing matrix 32] responsible for neutrino oscillations, and R, S, U are all 
3x3 matrices. After this diagonalization, one may express the neutrino gauge eigenstates 
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(for a = e, fi,T) in terms of the light and heavy neutrino mass states Ua and Na'- 







( y \ 








4 


= V 




+ R 




(22) 




L 











Unitarity of 6 x 6 rotation matrix leads to VV'^ + RR'^ = I, which implies that the MNS 
matrix V is not unitary and the matrix R characterize this non-unitarity of V. By testing 
ihe non-unitarity of V matrix, we can examine heavy neutrino effects at low energy region 



331]. In the case that hji ^ hL,y -\- 1/3, we can diagonalize the mass matrix approximately 



by 





1=( 


(I- 





Uy + y3)hR{y + y3] 



T 



\{y + y-i)hR 



hniy + ys] 



2 





which will lead to 

^ ^ ^ ' 2hL y + ys 

{y + y^Y 2hR 

2hL - Uy + y^)hR{y + ysf + oih],') oih],') 

\i hi = (!23l) leads to the standard type I seesaw mechanism, otherwise we obtain type II 
seesaw mechanism for neutrinos. 

For quark part, ([9]) in unitary gauge is 



(23) 



Y, quark 



(24) 



Unitary gauge 

We can explicitly expand coefficients y"^, y'^^ in terms of powers of quantum fluctuation 
Higgs field h 



yi = yi+y]h + 0{h') t = u,d, 



(25) 



where y^, y] are matrices independent of Higgs field h. 



The gauge eigenstates can be rotated into the mass eigenstates with unitary matrices 



■irU,d 



dL,R - yL,RdL,R- 



(26) 
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The ^ matrices defined in (l25i) are diagonalized as follows: 



(27) 



where M^-^g represent the diagonal up- and down-quark mass matrices of physical quark 
masses. 



QaL,R 




( ..I 



(28) 



The usual Cabibbo-Kobayashi-Maskawa (CKM) matrix in the left sector, and the corre- 
sponding matrix in the right sector, are given by 



T/CKM _ -tru -trd\ 
^L,R — ^L,R^L,R- 



(30) 



Note that, a priori, there is no reason for V^^m equal V^^^. 

Any n X n unitary matrix has real parameters among which n{n — l)/2 may be 
expressed in the form of sin6'„^, cosOap with — n{n — l)/2 = n{n + l)/2 phases left. 
Since each quark field can be redefined through a phase transformation, 2n — 1 phases are 
not physical. If y^^^ and V^^^ are independent, the total number of physical phases is 
— (2n — 1) = n? — n + 1. In our case of 3 generations of fermions, V^^^ can be 



2 X 



n(n+l) 



taken as the standard form 34 1 

rub \ ( 



CKM 



/ yud yus yi. 
ycd yes ycb 



C12C13 



■S12C13 



i<5 \ 



~Si2C23 — Ci2S23Si3e*'' C12C23 — Si2S23Si3e*'' S23C13 



■ (31) 



V S12S23 - Ci2C23Si3e*'' -C12S23 - Si2C23Si3e*'' C23C13 / 



Then the most general V^^^ may be in the form of standard CKM matrix with 5 phases 
added: 



/ yud„2iai 
R 



V, 



CKM 
R 



yus„i{ai+a2+(li) T/Mfegi(«i+«3+/3i+/32) ^ 
R R 



yai^i{ai+a2-Pi) yc^^2ia2 yd)^i{a2+a-i+P2) 

T/td j(oi+03-/3i-/32) ytsj.{a2+a-i-l32) ytb 2ia3 
\ R R R 



(32) 



where 



ub \ 



I \iud \rus T/ 
^R ^R ^R 



VR' 



yytf yt^s ytb J 



tb 



( 



C12C13 



S12C13 



"■S12C23 ~ Ci2S23Si3e*^ C12C23 — Si2S23Si3e*'' S23C13 



(33) 



y ■512S23 — Ci2C23Si3e*^ — C12S23 — Si2C23Si3e*^ C23C13 j 
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with Ci2 = cos6'i2,si2 = sin6'i2, etc. In general, Oap do not equal to those in y^™. If 
^ (^Vl^)* hold for a = u,c,t and p = d, s, b, then V^™ in ([32]) coincides with that in 



35( 1 36l | which is called pseudo-manifest left-right symmetric and is originally proposed to 



construct left-right symmetric models with spontaneously CP violation. 



IV. GOLDSTONE, HIGGS AND GAUGE COUPLINGS TO QUARKS 

The discussions in last section are limited in unitary gauge without the Goldstone con- 
tributions and Higgs contributions included. As a compensation and preparation of next 
section computation, we now focus our attention on quark-Goldstone-boson and quark-Higgs 
couplings. We will find that, unlike the mixing terms dealt above, these coupling are no 
longer universal. We explicitly expanded out Goldstone fields by 



^ 1:1 I ^1,2 = ^h29i,2 . (34) 



1,2 



in which we have taken C = 0- terms of the masses eigenstates, Lagrangian ([9]) can be 
expanded according to the goldstone and Higgs fields, 

= (1 + jt/^ - + (1 - ^^^l + ^<)AMUd. 

+h.c. + £y,cc + ^Y,h + 0{-q(j)'^q, qh'^q, qfhq) . (35) 
where the charged Yukawa coupling £y,cc in Lagrangian (l35l) is 



with 



^^^{uLM:},,,Vl^^'''<P^dn - ^«0^yr"M,l^rf^) + h.c. 
-^MAf' + BT^')u^rL - ^M^T + BTi'W<p-R (36) 
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AT = - ^ujVf*, bT = + ^uX'* (37) 

To cover various models, we use symbol ■§f^4'L and j^'pR to represent Goldstone fields and 
corresponding couplings. Their relations with Goldstone fields 0i, 02 and corresponding 
couplings are 



3l , 



)i LR,LP,HP,FP 



^02 UN (38) 



9R , I ^,<^2 LR,LP, 



(39) 



1 HP,FP,UN,NU 
The quark-Higgs-boson couplings Ly^k in Lagrangian (15^ are 

= + 7^)^/3/^ + ][dMf + Bf^')d,f3h (40) 

where 

= (y« + yl)"^ Bf = (y„ - Af = {y, + ylr^, Bf = {y, - y\r^ , (41) 

where = V^ylVJi and ya = ViVd^R ■ Note that for neutral goldstones, there is no fiavor- 
changing q(j)q coupling. For charged goldstone bosons, the non-diagonal CKM matrices and 
nontrivial mass difference of quarks will yields fiavor-changing couplings. If yj = yf/v with 
V the expectation value of h, the quark-Higgs couplings is in agree with that of the SM. 
However, flavor-changing couplings for neutral Higgs fleld h can exist in general due to the 
fact that matrices VlyjV^ may not be diagonal. 

Now we come to discuss gauge couplings. In unitary gauge, Lagrangian (ITOl) become 



/-4 



= E ^a[^^ - ( A,,,,^g, — Wl + Ai,2,„— ^72¥^2 + Ali,a9i^l (42) 

Unitary gauge q, Zi Zi 



where a' = 1,2. The above anomalous gauge couplings A's can be expressed by (5's intro- 
duced in (|TOl) and the detailed results are given in Appendix A. In terms of mass eigenstates 
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for gauge bosons, (H2l) become 



/-4 



cc 



NC 



EM 



(43) 



Unitary gauge 



with cliarge current part £cc 

£cc = g^[(fi'icosCAi,i,„+5(2sinCAi,2,a)7''^L + (5'2SinCA2,l,a+5'lCOsCA2,2,a)7''^-R] 

x(r+W^+ + r-W-)qi + qi[{-gi sinCAi,i,, + ^2 cosCAi,2,a)7''^L + (^2 cosCA2,i,„ 



sinCA2,2,„)7^i'i?](r+l^;+ + T~W'pqi 



neutral current part £nc 
1 



A ^ A' , 



(44) 



£ 



■NC 



T^Y. li{[9lXl{^ll,a + A|2,J + 92yi{^ll,a + ^h,.) + ^?^l(Al,a + A2,.)]7^ 

-[^712^1 (All,, - A3 2 J - ^72Z/i(A|i,„ - A3 + (7t;i(Ai,, - A2,„)]7V}g^^M 

+g^{[(7iX2(A3 1 ^ + 2,«) + ^?2l/2(AL,, + A3 + gV2{^l,o. + A2,a)]7^ 

-[(7iX2(A3 1 - A3 2 J - gm{^ii,a " A?,2,J + ^7^2(Ai,„ - A2,„)]7 Vj^^ 
V^^',A^ A' , 

electro-magnetic current part £em 

^EM = -\Tjli{\9i^^i^li,a+ A3 2 J + r?2?/3(A3 , A? ^^J + gv^{^r^^+ A2,a)]7'^ 

(72Z/3(A3 A? 2^„) + (?t;3(Ai,,- A2,„)]7V}ga^M 



-[(7lX3(A3^_, 

V-^^^A^ A' 



A3 1 



Further in terms of fermion mass eigenstates, £nc and £em keep their present form, but 
we must replace original summation over generation indices ^g^Aj with y^g^A^ ^^gg 

where 



A- „^ = [\/2'diag(A,,i, A,,2, ^^,z)V^ + V«Miag(Ao, A,,2, /^^^^W^X^r"^ 

+ [y^^diag(Ao, A,,2, A,,3)V^/^ + V^'diag(A,,i, A,,2, A,,3)V^^^^],^r'^ (45) 

It is easy to see that if Aj is universal in generation, i.e. it is independent of index a, then 



A' 



Aj^Q^a/j which leads £nc and £em unchanged. In order to suppress the possible 



flavor changing neutral and electro-magnetic currents, either non-universal effect of Aj „ 
appeared in £nc and £em is small or there is some cancelations among different terms in 

m. 
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The charge current Lagrangian for quarks in mass eigenstates is changed to 

^cc = -^n.7^(A^^ + B^^^')dpW+ - l=u^^^{At + B'^^n')dpW'; + h.c. , (46) 



where 



B 



Q/3 

W 



g, COS C[l^rdiag(Ai,i,i, Ai,i,2, Ai,i,3)\^f + \/^diag(A2,2,i, A2,2,2, A2,2,3)V^Xp 



+92 sin C[\/2'diag(Ai,2,i, Ai,2,2, Ai,2,3)V^f + V^diag(A2,i,i, A2,i,2, A2,i,3)V^Xp 



gi cos C[-^rdiag(Ai,i,i, Ai,i,2, Ai,i,3)\/f + \/^diag(A2,2,i, ^2,2,2, ^2,2,3^X0 



+92 sin C[-V^rdiag(Ai,2,i, Ai,2,2, Ai,2,3)l^f + K^diag(A2,i,i, A2,i,2, A2,i,3) V^^]a/3 



^2 cos C[V^^diag(A2,l,l, A2,l,2, A2,i,3)V^r^ + y2'diag(Ai,2,l, Ai,2,2, Ai,2,3) V^'^]a/3 



-g, sin C[V^HMiag(A2,2,i, A2,2,2, A2,2,s)V^^ + V2'diag(Ai,i,i, Ai,i,2, Ai,i,3) V^'^]«/; 



- g2 cos C[-l^^diag(A2,l,l, A2,l,2, A2,l,3) + l^2'diag(Ai,2,l, Ai,2,2, Ai,2,3)^f 



+^1 sin C[-V^RMiag(A2,2,i, A2,2,2, A2,2,3)Vn^ + V^rdiag(Ai,i,i, Ai,i,2, Ai,i,3) V^'^]a/3 



(47) 



If Ai^a is universal in generation index, then rotation matrices appeared in above formulae 
will meet together constituting CKM matrices. 

If we only focus on gauge couplings to light gauge boson A, W, Z, above A's cause a 



serious anomalous couplings. In Ref. 



27|, we parameterized these anomalous couplings in 



terms of ten coefficients in the case that Aj^^ is universal in generation index, for which two 
are in charged current, four in neutral current and four in electro- magnetic current. The fact 
that SM is consistent with experiment to very high precision implies these ten anomalous 
couplings must be very small in values. 



V. EFFECTIVE HAMILTONIAN FOR NEUTRAL K AND B SYSTEM 

Once there exists W boson, there may be low energy phenomenological constraints from 
— K^, B^ — B^ and B^ — B^ system. In most cases W will generate extra Feynman 
box diagrams which contribute to mass differences in — K^, B^ — B'^, B^ — B^ system 
and corresponding CP violation parameters. These mixings are described by a effective 
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FIG. 1: Box diagrams for — effective Hamiltonian H^a^ 



u, c, t 



s u,c,t d 



- — fWVW 



u,c,t I 'lu^cj 



AAAAA> 



FIG. 2: Higgs exchange diagrams for — effective Hamiltonian. 
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d 

h 
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Hamiltonian which is composed of four parts: 



eff 



WW 
eff 



WW' 
eff 



I TtWW I TT 



'eff 



eff 



(48) 



The effective Hamilton H^s is model dependent. We take the — system in LR 
and LP models as an example, other models and — system can be given in the 
similar way. The WW box diagram for — system is plotted in Fig{T] Let M-^^ 
be the amplitudes of the diagram mediated by particles X and Fwhich may be gauge 
bosons W, W' and goldstone bosons 4>i,(p2- can be further decomposed into = 

\{M^^ + M^-^i + M'i'^^ + M-^i-^i) + h.c. WW' box diagram part H"^^' can be obtained 



from H"^^ by 



w'w' 

off 



H^^\w^w' , 1^2- Similarly WW' box diagram part H^^' is 



WW' 
eff 



^ww' ^ mWc^2 + M'^iW' ^ ^0102 + h.c. H^^ is the part of effective Hamiltonian 
arises from the flavor changing Yukawa coupling via neutral Higgs exchange at tree level. 
The corresponding Feynman diagrams is plot in Figj2] for — system. 

The W' dependent part of H^q introduced in (H5I) is also model dependent. LR and 
LP models are main cases we are going to discuss in which H^'^' is usually neglected 
due to existence of a suppression factor [Mw /Mw')'^- SM calculation shows that just SM 
effect in itself can already match experiment data. Therefore the constraints left is 

that either non SM effects in H^^, H^^' and are all small in values separately or 
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they cancel each other. The cancelation will demand detailed model arrangements which 
need fine tuning such as introducing in theory the second bi-doublet higgs discussed in 
Ref . [3^ . In this work we do not consider this special fine tuning situation and only limit us 
in the case that all non SM effects in , H^^' and iJ^g are small separately in values. 
This choice is in accordance with the approximation that only dimension three and four 
matter part operators are included in our calculation. If we consider more higher dimension 
operators, dimension six four quark operators such as duSLdLSR will contribute to ifefr as 
a contact term. This will raise the possibility that using four quark operator contributions 
to cancel non SM effects in i?^^, H^^' and -ff^fj. This four quark operator can be seen 
as remnant of exchanging some more heavier unknown particles and the coupling of the 
operator is proportional to inverse of heavy particle mass square, like traditional Fermi weak 
interaction theory induced by exchanging electroweak gauge bosons. In our treatment we 
have ignored possible cancelations among operators of different classes. If we generalize this 
treatment to higher dimension operators, the cancelations among contributions of four quark 
operators and W, W, to Hcs are not allowed. This implies the effective coupling in front of 
corresponding four quark operator must be small which will improve the convergence of our 
expansion and we can safely drop out four quark operator in our first order approximation. 
This is the discussion for LR and LP models. The situation in NU model is similar as in 
LR and LP models, except there exists explicit non- universality term in P7|) . For other 
models, HP and FP models are irrelevant, since in these models W does not couple to light 
ordinary quarks if we ignore small mixing between W and W. Then there are approximately 
no H^'^' and H^^' terms in ( HHl) . The only constraint for these models is the value of 
ifgf^ must be small. In the case of UN model, W does not couple to ordinary quark if we 
ignore mixing between W and W. The role of W is replaced by W. Considering the facts 
that H^'^' is much smaller than in value due to suppression factor and there is no 

and H^^' terms, the value of ifgg in this case can be larger than that of HP and FP 
models. Since the constraints for UN model from mass differences in — K^, — B^, 
-Bg — Bg system and corresponding CP violation parameters are relatively weak, we skip the 
discussion of this situation. Combining above discussions together, for the W dependent 
part of Hcs, we only need to discuss two situations: one is LR and LP models, the other is 
NU model. 

In performing detailed computations for box diagrams, we choose Feynman gauge and 
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take the masses and four-momenta of the external legs to be zero (m^ = = 0) thus the 
internal lines carry the same momentum. Detailed calculations give following amplitudes 
for the diagram mediated hj X — Y, X,Y = W, W, 

+75(5^'^ A^''^ - A''^'Bf^)]s ® d[{A^y'A^f - B^'B^/^) + -f^iB^'A^f - A^y'B^/^)]s 
+ (^)^^/5E{[^/2(x.,x,,/5)] [lOrf7.[(A^^<^ + 

+-f5{A'^'Bf^ + B'^'A'f^)]s ® d-f^'[{A^'A'^/^ + B^'B^"^^) + -f^iA^'B^"^^ + B^'A'^f)]s 

(^drb^iA^'Af"^^^ + B^'B^f) + {A^y'B^j,^^ + B^'Af)'!\ s} (49) 
where x„ = ml/ Ml and ^ = M^/M^, and A^, A'^,, B^, B^, are defined in dED, 



(l-x„)(l-a:,/5)(x„-a:^) ^ (1 - - - a;^/5) ' 

^'^"^"'^"'^^ ^ (1 - - X,) + ^ " (1 - - 1/5) (1 - a:,/5) -^^^^ 

The amplitude of the diagram mediated by X+ — (j)~,X = W, W, n = 1,2 is: 

M'"'- = {^r^^f3T.V^p[h{xa,x,,P)m^^^^ (51) 

+75(5r^n'^ - 5f t)]^ ® rf7l(^f ^^'^ + BtB^f) + ^.iB^A'f + A^^^B^f)]s 

The amplitude of the diagram mediated by 0+ — Y~ , m = 1,2,Y = W, W is, 

+75(i?r^y ^ + ® rfl7^(<^r - i?^'^) + 75(5^^^ - )]« 

The amplitude of the diagram mediated by 0+ — 0~, m, n = 1, 2 is, 



a,/3 
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+ 



Since the mixing angle ( is expected to be small, for simplicity in the following we take 

C = o. 

For LR and LP models, we can ignore the generation index a dependence in all A's 
appeared in fHTj) . then the rotation matrices and V^^ can meet together forming CKM 
matrices. We introduce CKM factors X^^iK) = -j/CKM.n^.^cKM.^^d* _ system, 

X^^{Bq) = y^^^^'""^y^^^^'""'J* ^Qj^ j^o _ j^o system, etc. By taking = and using the 
relation + Ac + At = 0, ignoring the higher order of A2,2, ^1,2 (we have dropped out their 
generation indices) and accurate to the order linear in /3 = M^/M^,, we obtain 

hL{K)dril-l6)s ® ^I7m(1-75)s - system 



'eff 



167r^ 



/Li(5,)g7^(l-75)6 ® qi^{l+l^)h 5° - 5° system 



+ h.c. (54) 



WW 
eff 



G^f^m/o^a2 /Li?(A')J(l-75)s® J(l+75)s A'O - A'O system 



167r2 

where q = d,s and 

/LL(i^) 

/ll(5,) 
S'o(x) 



fLR{B,)q{l-j,)b ® g(l+75)& 50 - Bl system 



h.c.(55) 



(Af (i^))2r7c,^o(xc) + {X^''{K))\tSo{xt) + 2Af (JOA,^^(A')r7ctS'o(x„ (56) 
(Af^(5,))2r/5,5o(xt) (57) 

A \ d 1^a2,1 9^1 1. 



S'o(Xc,Xt) 

/L/?(i^) 

/Li?(5,) 
Scc{K) 



(1- 

4 



I 4At,-16Ai, + l X 



(1 - Xc)(l - Xt) 

InXr 



(Af, - 2A?, + -) + 



- X 
In Xt 



(Xj — Xc)(l — Xj) 



4 



,(At, -2A2 x,+ 



x: 



^(Ati-2A?,iXe + :^ 

(Xc — Xtj(l — Xc) 4 

Af^(i^)Af (i^)^,c(i^) + X];^{K)Xf^{K)Su{K) 
+iX^^iK)Xf'{K) + A,^«(K)Af (K))^,,(K) 

/Li?(i^) 



Xr 



[m,r,^,^{K)-x,r,^,^{K)){l-x, 



:i-Xe)2' 

f (4A?,ir/f^(K) - 2x,r/2^^(K) + x^r/2^^(K)) Inx, + 7iJ^\K){1 - x,)^ ln/5] 



Su{K) = S^K] 



c^t 



4 ' 
(59) 

(60) 
(61) 

(62) 
(63) 
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SctiK) 



LR( 



(64) 



(1 - Xc)(l - Xt){Xt - Xc) 

-x.iAAj ^Vi^'iK) - x,ii!^\K)){l - xt) Inx, + r]^\K){l - - Xt){xt - x,) ln/5] 



Scc{K) 



Stt{Bq) = Su{K) 



K^Ba 



K-*Ba 



(65) 



with Xc = ml/M^, xt = mf/M^, (3 = M^/M^,. The next-to-leading-order QCD short 



distance corrections are r/^c = 1.38 ± 0.20, rj^ = 0.47 ± 0.04, rju = 0.57 ± 0.0l|37| 
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0.551, r/R = 0.837 



0.2GeV 



Vb^ 



39|. The QCD corrections are r]^^{K) = lA,r]^^{K) = 1.17 for Aqcd 



40| and ?7i(i?q) ~ 1.8,772(5^) ~ 1.7 at scale m6|41|. 



The matrix elements are given by 



(i?J|J7^(l±75)s®ti7M(l±75)s|5j) = P^mB^BB,, 



(J^V(l-75)s®(i(l + 75)s|/?°) 
(i?0|g(l-75)6®g(l + 75)&|5°) = 



2m/< ^3 
1 4 



(m^ + md) 



^TTt Q 2, 2, S 



(66) 
(67) 
(68) 

q = d,s. (69) 
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with 



The decay constant for neutral K meson is given by fx/ f-n = 1-198 ± 0.003 
U = (130 ± 5) X lO-^GeVy and the bag parameter is Bk = 0.79 ± 0.04 ± 0.09]4|. For 
Bd and 5, mesons, /b^^/b^^ = 0.220 ± 0.040GeV 39] and /b^^IB^s = 0.221GevU. The 
bag parameter from QCD sum rule gives B^^/Bb^ = 1-2 ± 0.2 35|. 

For NU models, we must consider the generation dependence a in all A's appeared in 
f H7|) . To simplify the expressions, we denote the CKM factors as V^^ = yCKM,ua,bi3 ^ 



etc. Ignoring the higher order of ^2,1,0 and A2,2,a, After tedious calculations, we get the 
effective Hamilton for — system in NU models as follows: 



H. 



WW 

eS 



ri2 T\/r2 ( 1 



a,l3=u,c,t 



a,P=u,c 



X 



/2(x„,a:^,l)-2 Xc,x^{V£^V^'*){Vtvf'*)h{xc,,x^,l)^ 



a,f3=u,c 



W'W' 
efT 



xd7/,(l - 75)5 ® ^7^(1 - 75)s + h.c. 

E m2VL%){Vtr2Vl%)Hx^.x,A) 

a,/3=u,c,t 



(71) 
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+ lpxKVt:uVt){VtVl%)Ux,, 1) - 2p'x',iVtVtriM, 1)} 

xJ7^(l- 75)5 ®(J7^(1- 75)5 + h.c. (72) 

»^ [9l/92) ^a,/3=u,c,t 

a,l3=u,c 

X Ji (x„, x^, /3) 1^7^(1 - 75)5 ®J7^(1- 75)5 + h.c. . (73) 
The effective Hamilton for — system can be obtained through the same procedure. 



VI. CONSTRAINTS FROM NEUTRAL K AND B SYSTEM FOR LR AND LP 
MODELS 

In this section, we will concentrate on the constraints on our EWCL from mass differences 
in — K^, B^~ B^, B^s~ systems and indirect CP violation parameter le^-l, mainly for 
LR and LP models. Due to complexity of CKM factors introduced in (I70|l for NU models, 
we will leave the investigation for NU model elsewhere. 

The mass differences in — K^, B^ — B^ and — 5° systems are determined by 

Amx = 2Re(K°|iJeff|i?°) Ams, = 2| (5°|i7eff|5°) | q = d,s (74) 

and the indirect CP violation in K mesons can be expressed as 

where ^0 is the weak phase oi K ^ txti decay amplitude with isospin zero. The pure W 
contribution to mass differences in — K'^, B^ — B^ and B^ — B^ systems and indirect CP 
violation in K mesons as functions of anomalous coupling Ai 1 introduced in ( lAll) is shown 
in Figj3l From (jS]), we know that Ai 1 characterize the anomalous coupling for charge 
current, it can deviate from 1 very much and therefore we choose region [0.8,1.2] for Ai 1 
as horizontal coordinate in Figl3l In numerical calculation, the input parameters are taken 
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FIG. 3: Pure W contribution to - K^, - B% B'^ - 5° systems and indirect CP violation in 
K mesons. Anomalous coupling Ai^i = 1 corresponds to SM results which are explicitly written 
down in brackets. 



1.6 



■ A m™™/Am^7 (1,0.672) 



A m™™/Am^''P (1,1.231) 



A m™™/Am^^P (1,1.060) 

d d 




from particle data group (3J] except those explicitly labeled. 

Gf = 1.16637(1) X 10-5GeV"^ Mw = 80.403 ± 0.029GeV, 

rriK = (497.648 ± 0.022) x lO'^GeV, Am^^ = (3.483 ± 0.006) x lO-^^GeV, 

md = 5 X lO-^GeV, = 95 x lO^^^GeV, 

rric = 1.25 ± 0.09GeV, nit = 174.2 ± 3.3GeV, 

= (5279.4 ± 0.5) x lO^^GeV, Am^^J = (3.337 ± 0.003) x lO^^^^GeV, 
ruB, = (5367.5 ± 1.8) x lO-^GeV, Am^""^ = (1.17 ± 0.003) x 10-"GeV. 



The CKM elements are given in terms of Wolfenstein parameterization 3J]: 

A = 0.2272, A = 0.818, p = 0.221, f] = 0.340, 
with the relations Si^e^^ 



ub\* 



AX%p + ir]) 



AX^{p + if])^/l- A^X^ 



VT^[l-A^X\p + if])] 
We find that for ArriK, \^k\, Am^^ and Am^^, SM theoretical results (Ai^i = 1) match 

to experiment values with error 33%, 18%, 6% and 23% respectively. These errors are 
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expected from uncertainty of matrix elements and long distance contributions 46|. New 
physics contributions must hide in these errors. 

Up to the order liner in /3, W contribution to mass differences in — K^, B'^ — B^, 
B^ — B^ systems and indirect CP violation in K mesons are 



6 {ms+mdy 



J2 A/r2 f2^_ T^S I 



.1 m 



Ba 



Air^ ' gf 6 



m 



K 



For W contributions, we discuss — K^, B^ — B^ systems separately. 



(77) 
(78) 



A. - syste: 



m 



According to types of inner quark lines in the box diagrams, W contributions to ArriK 
in fl76|) can be decomposed into tt, cc and ct quark loop contributions. 



,2 92 



WW 



A WW 

Re[Xf\K)Xf\K)] + Re[Af^(JOAf (i^)]-^ 



^2,1 2^^K, 

+Re[Af^(i^)Af^(i^) + Af«(JOAf^(JO] 



(79) 



in which the CKM matrices are 



X^^{K)Xf^{K) = |v^^-^^<^*-p«v^c'^*|e-i(°i-2"2+a3-/3i-/32-0t.+0t.-^c.+<^cd) arg(V^^)=0^/3 (80) 



In FiglH we plot 



7- and 



Am 



ww' 

Kct 



Am 



Am 



ww' 



-Ktt 



Am^?^' 



separately. From FigJH we find that is 



^"V is of order 10~^. Therefore to reduce total 



of order 10^ ^^^''^> is of order 10 and ^^^^ 

^ Ktt 
contributions of Am^^ , we have following four different kind of mechanisms 

• Large Mw''- Take very large W mass. This is traditional naive constraints to W mass. 

• Small g2: Take very small W gauge coupling g2 <^ gi- This can only happens if 
/2 ^ 91/1/92 to make large enough W mass. Since two gauge couplings are not equal 
to each other, this situation is parity explicitly broken. 
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FIG. 4: Ratio of tt loop to experiment data for W' contribution to Kl — Ks mass difference, cc 
to tt loop and ct to tt loop for W' contribution to Kl — Ks mass difference in — system 
with solid blue line for M^y = lOMw, dash red line for M\y' = 15Mw, dash-dot pink line for 
M\Y' = 2QM\Y and dot black line for My/' = 25M]y, respectively. 
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Small Ao i : Take very small A2,i. This is the situation pointed out in our previous 



work 



271]. Although realization of this situation in detail model is still lacking. 



Specific V^^^: Choose special right hand CKM matrix elements to make fL^{K) in 
fl60|) small. Numerically 



MXi\K)\f\K)] + Re[A,^^(K)Af (i^)]— ^ 

L\Tfh jy- 



(81) 



Similar to — Ks mass difference, we can also decompose indirect CP violation param- 
eter \eK\ in K system as 



ex 



WW 



9\ 



A 2 I ^ I M- 



WW 



\^\XWK)X'^\K)\ + Im[A^«(ir)A«^(ir)] 



LRi 





WW 


cc 




WW 


tt 



+\m[X^^\K)Xf^{K) + A^ (i^)A«"(i^)] 



LR/ 



vRL, 





WW 


ct 




WW 


tt 



(82) 
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FIG. 5: Ratio of tt loop to experiment data for W' contribution to \€k\ , cc to tt loop and ct to tt 
loop for W' contribution to indirect CP violation in K mesons |ex| in — system with solid 
blue line for My/i = 1QM\y, dash red line for M^y/ = ISM^y, dash-dot pink line for M\yi = 2QMy[r 
and dot black line for M\yi = 25M]y, respectively. 
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tt 
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In FigJSl we plot ^Sfc, P%w^ and separately, From FiglSl we find that ^-^^f^ 



\WW' 



\WW' 



ww' 



ww' „ . . _ o . \^.^\ww' 



I I w w ■ 

is of order 10 , , is of order 10~ and 



J77 is of order 10 





WW 


cc 




WW 


tt 



, . To reduce total 

contributions of {exl^'^ , we also can take either large Mw'', or small g2', or small A2,i; or 
specific y^^^ satisfying 

Im[Af^(ir)Af^(JO + Im[A^^(i^)Af^(i^)] 

I, iww 

+lm[X^^{K)Xf\K) + A,^«(K)Af (K)]^^ « 10"^ (83) 

\^K\tt 

The relation (1811) and (155]) offer constraints for right hand CKM matrix elements, as long 
as they really take the role of suppressing contribution from W boson. If constraints fIST]) 
and (155]) can not be satisfied, we must adjust M^y', g2 and A2,i to suppress contribution of 
W. To quantitatively estimate constraints for Mw', 92 and A2,i, we take a special pseudo- 
manifest left-right symmetric situation as an example. In this situation, V^^ = {V^^)*, 
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which imphes the relations ipap = —4>ai3 between phases defined in (IHOj) . Then CKM factors 
appeared in fl79|) and fl82|) can be simphfied as 

X^^{K)Xf^{K) = |v^^c'*y^c'^|2e-*(«i-a2-/3i) \^^{K)\f^{K) = |y^v^'i|2e-*(ai-«2-/3i) (84) 
A^«(JOAf^(if) + Af'^(i^)Af (i^) = 2\Vl'VE''Vl'Vl%osia, -a^- A) cos(a2 - «3 + P2) 

-i sin(ai - 02 - cos(a2 - as + /52)] 

Notice that constraint from |ex| demands imaginary part of above CKM matrix elements 
must at least two order of magnitude smaller than their real part, this leads us to take 
following choice of phase angle 

ai-a2- f3i= 0. (85) 

Then the imaginary part of all CKM matrix elements in (l84ll will vanish and the cc, tt 
and ct loops do not contribute to {exl^^' separately. This special choice of phase angle is 

36| which directly leads to 

|e^r^' = 0. (86) 

The values of CKM matrix factors in fl84l) now can be worked out in terms of left hand CKM 



originally proposed in Ref. 



matrix m 
A^^(i^)Af (ir) 



a^a,-^=o^ 0.0488 Xi''{K)Xf\K) 

manifest 

Q!i-a2-/3i=0 



^^0^.-^=0^ 5.89 X 10- 



manifest 

0.00107 cos(a2 - + Pi) (87) 



manifest 

Now, except an overall factor Agi^-, ^^-xp depends on two other parameters, Ai i and 
cos(a2 — ^3 + Pi)- Considering that anomalous coupling Ai 1 can not deviate from 1 very 
much, in FiglHl we plot -^^^/(^i.ifi') function of cos(a2 — + (32) with anomalous 
coupling Ai^i = 1. From FigEJ we find if A2,i ~ 1 and §2 ~ (71, then to make ^^xp <^ 1, 
we must have My/' ~ several TeVs. This is the naive prediction of W mass in traditional 
left-right symmetric models. While if M^t is at order of ITeV, to make . -^xp <^ 1, we 

2 

must have A^ ^ 10^^ which demands either very small anomalous coupling A2,i or small 



gauge coupling g2. Note that from ( H6l) . unlike Ai^i which roughly is 1 since it is anomalous 
coupling of charged current for W boson, A2,i is anomalous coupling of charged current for 
W boson and there is no experiment constraint on its value. This provides us an alternative 
way to reduce W contribution. This possibility was first pointed out in our previous work 



27| where A2,i is denoted by A^_i. 
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B. - 5° system 



For B^ — B^ system, similar to K^ — K^ system, we can decompose corresponding effective 
Hamiltonian as, 

i 

9l 



A WW 



+ [X^''iB,)\i^\B,) + \^^iB,)\^\B, 



LR/ 



, Am 



WW 
Bnct 



(^Q^ = ^Y^f>Yxd*YxbYxd*^^-i{ai-a3-l3i-l32-<t>xb-'f>xb+<i>xd+<l>xd) 



Xf\Bd)\^\Bd 



\YtbYtd*YcbYcd*\^-i{ai-a2-Pi-2f32-<f>tb+'t>td-<f>cb+<l'cd) 
I L R Ft L I 



(88) 

c, t 

--4>al3 



In FigJTl we plot 



Am 



ww' 



Am 



7& and 



Am 



ww' 



T separately. From FigJTl we find that 



Am 



ww' 



is of 



order 10 



, Am^^ 

5 Srfcc 



Am^^ 

is of order 10~^ and - — is of order 10"^. To reduce total contributions 



Am 



Am 
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FIG. 7: Ratio of tt loop to experiment data for W' contribution to AniB^, cc to tt loop and 
ct to tt loop for W' contribution to mass difference in Sj] — system with solid blue line for 
M\Yi = WM]y, dash red line for M^y = 15Mw, dash-dot pink line for M\yi = 20M\y and dot 
black line for M-^r = 25Mw, respectively. 



X 10 



3 A mg /A rrig P 



X 10" 



d,cc d,tt 



Arrig /A trig 

d,ct cl,tt 




0.0125 



0.012 



0.0115 



0.011 



0.0105 



0.01 



0.0095 



1,1 



of 



Am 



ww' 



Am 



we can take either large M^y; or small g2', or small A2 i; or specific Vn^^ which 



satisfy 



LR/ 



+ [\'/{B,)\r{B,) + X'^^{Ba)XT{Ba)] 



,RL 



LR, 



,RLi 



(89) 



For B^ — B^ system, 



Am 



9i 



Xi:^iBs)XriB,)+X^^iBs)X^\B. 



,RL 



LRi 



,RL, 



\rnWW' 
^^BAt 



\LR^J^ )A^^(-B ) = |y^*y^'**y^''y^^*|e~*("2-O3-/32-<)!'a:b-0a;b + 0a:s+^x3) 

c \ ^/ t \ ^/ \ L/ R R L \ 



X = C,t 
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FIG. 8: Ratio of tt loop to experiment data for W' contribution to Ams^, cc to tt loop and 
ct to tt loop for W' contribution to mass difference in — system with solid blue line for 
M\Yi = WM]y, dash red line for M^y = 15Mw, dash-dot pink line for M\yi = 20M\y and dot 
black line for M-^r = 25Mw, respectively. 
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In FigJHl we plot 



Am 



Ami 



Ami 



T and ^^ww' separately, From FigJHl we find that is of 

Bstt ^ 



order 10^, ^^-) is of order 10"'^ and is of order 10~^. To reduce total contributions 



^ Am^^ 

of 



Am £ 



we can also take either large Miyi] or small g2,', or small A2,i; or specific 



CKM 



which satisfy 



A WW 



A WW 



< 10" 



(91) 



Now we come to Higgs contribution to -f^cfr- This part is universal and from vertices given 
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by ( HOl) . the amplitude of the diagram mediated by neutral Higgs h is 

^ ^\ d{Af + Bf^^)s ® d{Af + Bf^^)s - system 

^^l \ q{At + 5^7^)^ ® + 5f 7')& 5° - system g = rf, 5 

and Higgs contribution to iJcfr is related to the amplitude by iJ^g = \M^, it's matrix element 
is 

{K'\Hi^\K') = ^{K'ldiAf + 5f 7')^ ® ^1^^^ + Bf^%s\K') (93) 



[(yf-yr)'-(yf+yr)^4 



(ms+m^)^ 96m 



{B',\Hi^\Bl) = ^^{B'.mf + i?f 7')& ® + 7')fe|5?) ? = rf, « (94) 



(mg+m^)^ 96m^ 



''h 

In the case of SM, above matrix elements vanishes due to non-existence of flavor changing 
coulings. Then in SM, there is no Higgs contribution to Am^, Am^^ and I^kI^- Beyond 
SM Higgs, demanding Higgs contributions to Amx AniB are much smaller than their ex- 
perimental value, we find constraints 

Mif/+yl'r-nMyT-y'fr] « 6.45xio-^ (^)' (95) 

liyf+yiy-nAiyf-yiyi « 1.74xl0-^ (^)' (96) 

lirJ'+yrr-nMrJ'-yrri « 6.10x10-^ (^)' (97) 

While demanding Higgs contributions to {exl is much smaller than its experimental value, 
we find constraint: 

Im[(yf+yf )^-11.4(yf-yr)^] « 0.0065xRe[(yf + yl'r - 11.4(yf - yl'y] (98) 

which imply term (y^" -|- ylf^y — 11.4(y^'' — y'^f^Y is approximately real. Further combing 
constraint fl95l) . 

{yf+yTf-iim'-y'fr « 6.45x lo-^ (^)' (99) 

VII. SUMMARY 

In this paper, we have presented the complete list of electroweak chiral Lagrangian 
for W, Z', a neutral light higgs and those discovered SM particles with symmetry 
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SU{2)i ® SU{2)2 ® U{1). The bosonic part is accurate up to order of p^. The matter 
part involving various fermions representation arrangements such as LR, LP, HP, FP, UN, 
NU includes dimension three Yukawa type and dimension four gauge type operators. The 
gauge boson and fermion mixings and masses are universal. For W — W mixing, there 
exists two independent parameters just accounting two physical quantities, mixing angle 
C, and mass ratio Mw/My/'- For neutrino mixing, existence of three heavy neutrinos will 
violate unitarity of rotation matrix among three light neutrinos. The left and right hand 
quark mixings lead to left and right hand CKM matrices with right hand CKM matrix pa- 
rameterized in the same structure of left hand one multiplying five extra phase angles. We 
express Goldstone, Higgs and gauge couplings to quarks in gauge boson and fermion mass 
eigenstates. We build up effective Hamiltonian for neutral K and B systems and perform 
detail calculations for LR and LP models to mass differences for — , — B^ and 
B^ — systems and indirect CP violation parameter for K mesons. We show that just 
W itself with anomalous coupling Ai i near to 1 is already account for experiment data. 
Except the case of mutual cancelations and very heavy W up to order of lOOMw, there are 
other three ways to suppress W contributions: small right hand gauge coupling g2, small 
anomalous coupling A2,i, or special combination of CKM matrix elements. The smallness 
of higgs contribution leads to some constraints on hqq couplings. 
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APPENDIX A: ANOMALOUS GAUGE COUPLINGS A 
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